The supply of oxygen to the flight muscles of insects: a theory of tracheole physiology.
In the flight muscles of insects, virtually every mitochondrion is in contact with or is encircled by terminal tracheoles which reach them by following the channels formed by the invaginated plasma membrane of the muscle fibres, the T-system tubules. In musca, Calliphora and Drosophila (Diptera), Apis (Hymenoptera) and Tenebrio (Coleoptera) the terminal tracheoles are smooth-surfaced tubes with a lumen of about 50 nm. In Pieris (Lepidoptera) the terminal tracheoles occupy the regular transverse tubular system which runs between the mitochondria and across the fibrils on either side of the H zone. They are smooth tubules of 80-200 nm diameter. Preliminary observations suggest the same arrangement in Ischnura (Odonata). In Rhodnius and other Hemiptera the transverse T-tubule system forms large cavities among the mitochondria: these cavities in Rhodnius are occupied by smooth-walled tracheole endings. In the nature adult of Schistocerca (Orthoptera) T-tubules of varying size are utilized by terminal tracheoles (diameter 50-100 nm). The terminal tracheoles of the flight muscles are highly permeable to myrcene and kerosene. They commonly fill with liquid during rest and this liquid is resorbed during activity. It is suggested that these adaptations increase the efficiency of respiration in the flight muscles by ensuring that, when it is most needed, gaseous oxygen extends to the surface of the mitochondria, from which it is separated by a very permeable barrier.